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FOREWORD

The work described in this report was authorized under Project
1C622401A102, Chemizal Agent Warning and Detection Techniques (U),
This work was started 9 December 1965 and completed 31 July 1967, The
experimental data are contained in notebooks KSU-182311-DLD-6 to
KSU-182311-DLD-11 and KSU-182311-RES-3 to KSU-182311-RES-5.

Reproduction of this document in whole or in part is prohibited
except with the permission of the CO, Edgewood Arsenal, ATTN: SMUEA-
RPR, Edgewood Arsenal, Maryland 21010; however, Defense Documentation
Center is authorized to reproduce the document for United States
Government purposes.

Reference to a company and/or product name in this report is
only for purposes of information and does not imply approval or
recommendation of the product to the exclusion of others, which may
also be suitable.

The information in this report has not been cleared for release
to the general public.

Acknowledgments

Donald L. Dugger and Richard E, Sullivan have been instrumental
in obtaining the experimental findings repcrted herein.
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DIGEST

Mass spectrometric studies of trimethyl phosphorothionate,
triphenyl phosphite, diallyl phosphite, diallyl allylphosphonate,
triallyl phosphite, triallyl phosphate, and diphenyl phosphite were
made to obtain more fundamental information for use in determining
the ionization and dissociative ionization processes that occur
upon electron impact with these organophosphorus compounds, Mass
spectra, appearance potentials, clastograms and metastable transitions
obtained in these studies are reported. These results are discussed
in relation to a better understanding of the fragmentation pathways
in this class of compounds. A summary table of all results
determined under this contract is included, and a brief catalog,
with literature references, of the mass spectra of organophcsphorus
compounds summarizes much of the available iitezatureý Future
correlative activities are suggested.
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ION PHENOMENA

1. STATEKENT OF PROBLEM

This work was initiated in order (1) to obtain mass spectra,
(2) to make energetic studies by appearance potentials, and
clastogram determinations, (3) to utiize metastable transition
measurements in determining fragmentation pathways, and (4) to
form negative parent molecule ions by bombardment of biologiýally
active compounds containing P, N, and S by means -i a polonium-210
alpha particle source.

2. BACKGROUND

Preliminary investigations of organophzsphorus :ompounds s'ich
as GB and GD have indicated that these biologically active materials
are ionized at low potentials (ca- 11,5 eV1 and that at electron
energies above approxinately 15 eV there is signifiiant :ragruentation
of the parent positive ion, However, the ionization and dissc-iative
ionization processes are pooriy understood, attributable iarge , to
a lack of fundamental information concerning similar pLocesses in
simpler organophosphorus compounds Be:a.e little cr no info:maticn
is available about the processes in the b0olcgi.cily active czmpc,'nds,
it is necessary to study both the simpler and the more complex
organophosphorus molecules.

The study of both the pcsitive and negative i..' formed in the
ionization and dissociaticn processes is imp=rtant to underscand~a&
the fragment.aton processes that occur. It has been repcrc• d En&!
the G agents capture low energy elections to form parent negat:ve
ions, but almost certainly other negatively ;harged tragment ions

* will be formed with higher energy electrons thicugh dissoci&tive
electron attachment No information is availabie aoo.t negadc.e
ion clastograms thet would indicate possible rcutea cf tcagmenta'ic:,
of these species.

3. APPROACH TO THE PROBLEM,

S3.1 Materials

The materials to be studied included trimethyi phosph.:;tnicnaTe,
triphenyl phosphite, diallyl phosphite, diai!)! allyipnospncna-e,
triallyl phosphite, triallyl phcsphate, and diphenyl phz=pn:te



3.2. Equipment

The Bendix time-of-flight mass spectrometer, together with it•
various modifications, has been described in previous reports,

3.3. Techniques of Study

The ;echniques of study have been outlined in derail in earlier
reports. 0-8

4. RESULTS

4.1, Trimethyl Phosphorothionate

Appearance potentials for twelve ions tormed by electron impact
from trimethyl phosphorothionate are given in Tabie 1, Processes for
the formation of five Ions are suggested, based on the energetics
and clastcgram data,

4.2. Triphenyl Phosphite

The 70 eV mass spectrum of triphenyl phosphite was determined and
is shown in Figure 1. The clastogram for this mclecule is shown in
Figures 2 and 3. The appearance potentials listed in Table 2 indicate
that the major ions in the mass spectrum of this compound are due to
phenol, probably formed by thermal decomposition of the sample, Thus,
the base peak at m/q - 94 has an appearance potential of 8.8 :0.2 eV
as determined by electron impact, and the phoroi-nization value for
the ionization potential of phenol is known to be 8 5 eV .9* This
comparison and the other data oi lable 2 strongly saggest that the
majority of the ions below miq - 94 are due to phenrl. 7ne small
quantities of ions at m/q - 149, 156 and 167 p:eciuded appearance
potential measurements.

4.3. Diallyl Phosphite

The 70 ev mass spectrum of di•llyl phosphite was given in
Quarterly Progress Report No, 5. . ) The zlastcgram and several
preliminary appearance potential measurements to- iznr fo:med from
this compound by electron impact were gi.sn aIls jn that repor• -8
Table 3 given in the Appendix presents a more complete treatment
of the previous data,

4,4. Diallyl Allylphosphonate

In Table 4 are listed appearanre pc:entia"6 toi tniz:teen ions
formed from diallyl allylphosphonate However, :.nly tc,. for: ions
have probable processes of fo:matlon been lndicated rhe -.ons ot
m/q - 79, 80 and 81 may be due t: P0 3 +,d P0 a H2PFC, b-.- the
appearance potentials do not support th~s i will hE ne:eisa:y :n



future studies to utilize high resolution mass spectrometry in order
to positively identify these ions and thereby permit the process
assignments to be made from the energetics and observed metastable
transitions.

4.5. Triallyl Phosphite

Even as with diallyl allyiphosphonate, the rnlq - 79, 80 and 81
ions are not established with suffic~ient certainty to permit the
assignment of probable processes for these ions. Four ions that
involve simpler fragmentation have been assigned probable processes
in Table 5. Appearance potentials f or twelve ions have been dete:mined.

4.6, TrIallyl Phosphate

Table 6 lists the principal ions in the 70 t-V pc.3itive 1-n mass
spectrum together with appearance potentials determined fo: six
different ions using the energy conpensaticr: method, The energetic
data have been employed in assigning probab1tý ptozesses wheze-ýer
possible. However, a lack of cettain kncwleege of ccmpos~:xtcn of manr'y

J ions does not permit a more detailed analysis ot the Iragar.entation
processes at this time. The lcgarirnic, iaýtcgir~r, fli th -,

is given in Figures 4 and 5.

4.1. Diphenyl Phosphite

The 70 eV nass spectrum, trie a1s~~ir ni scme p.i~rr.-nat)
appearance potentials for dipheny! plhlýspbite. were g~~i F-e'iý-sly
in Quarterly Progress Report No 5 1" Table 7 p:-esý-nrs uvidence
that the majority of the mass spdeCLe ,o':n pbcrý:I, EŽ'k'% ýE

was noted for !iiphenyl phosphite AllpazErntiy th~s1b J-- -.ýIn-a
decompusition of these materialis; LhiS .'1 be ttuoidt'.(lP hel In
future efforts.

5. DISCUSSION

5.1 Trimethyl Phosphorothionate

Utilizing the metastable transirron i.,t., trh. ilsAls tito the
appearance potential determinations, aind the zlastoglisns rtrarned,
the following partial fragmentation scheae m~y be Lnst:-cted.



-CH 20
(CH30)POH+ CHOPOH 2

CH-CH2S 11 3 08 P H~~ 80

-CH 3 S(CH 3 0) PO+

-CH2O

S-c 2 0 -H CH2 S
(C 0) 3 PS+ (CH30)2PS+------- (CH30)2PS+ CH3 OPOH

563 126 12 79
-CH2

"(CH30) 2 P+ -C-..0 CH30PH+
93 63

From the metastable transition data, the second process in Table I
for the formation of the m/q - 79 ion is preferred; thus, the value
of &Hf(79+) - 126 kcal/mole is also preferred, This indicates that
the m/q - 79 ion is predominantly CH3OPOH+o The unique fragmentations
involving the retention and loss of the sulfur atom suggest either that
the CH3 group is very mobile or that rapid equilibria may be established
between isomeric forms of these gaseous ionic species.

5.2. Triphenyl Phosphite

In that the mass spectrum and appearance potentials determined
suggest that phenol may be formed from this compound through thermal
decomposition, and that the present observations do not differentiate
any phenol from the ions formed directly from the title compound by
electron bombardment, no further discussion of the present results
is merited.

5.3. Diallyl Phosphite

The absence of the parent ion, and the very low appearance
potential for the lowest energetic requirement of the fragment ions
suggests that the ionization potential of the parent molecule is
approximately 10.0 eV. From the clastogram data and the appearance
potentials determined in this work, the following partial fra.Mentation
scheme has been constructed:

121 80

H 21- W-4 P0 3,
(Cffl0) 2P0H(+ -C3H4  81 79

C3H50P(OH)2* %P. H4P03+

122 83
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It should be noted that this scheme tot the fragmentatixn zx i~ns
produced in the mass spectrum of diallyl phosphite :s signrifcantly
different from that originally suggested in Quarterly P:cgzess
Report No. 5. (8)

5.4. Diallyl Allylphosphonate

The following fragmentation scneme for the unimoiecular decomposition
of the diallyl allylphosphonate mole:ular ion represents a msdification
of that proposed earlier. (8)

C3 H50POH H2PCJ-

>-CjH 4O 105 81.

-3-C 3H4

(C3H50 )2PO ' C H N CH÷O R
-C3-C 3H4 C3 H5 OP0 2H

-C 3 H5  - 3H0P0" C"H -

(C3 HsO) 2P0(C 3H5 )+ 120 80 79
t 202 -C 3>H4 -C 3H3

(C3 Hs0) 2 POH' - 0 C3H 5P(OH) 3*
162 123

The lowest appearance potential measured suggests that the 13niza-ion
potential of diallyl allylphosphonate is approximately A0 O.,

5.5. Triallyl Phosphite

The additional studies of this moiecuie have caused nc revision
in the fr•gmentation scheme proposed in Quarterly P:ogress Repc:-
No. 5. (8) The Ionization potential is estimated t. be ap;:zxlma:eiy
8.8 ev, as determined from the lowest appearan.e potential maasLre,
in these studies.

5.6, Triallyl Phosphate

From the acquired appearance potentials and Isstogr-, J-.a,
the following fragmentation scheme is prczpcsed.

C3 HSOPO 3H-

-C H ý,H, 13i-(C 3 H 5 2 - • 3 H 4 1 - C P P 3 " -,

(C3  O)P -------. (C3 H5 0) PO HPC 3O28 34 H 7 2** 3, P H 8

4PO4 C3 H5 OP0 3
99 136



From the appearance potential data, it is suggested that the ionization
potential of triallyl phosphate is approximately 9,8eV.

5.7. Diphenyl Phosphite

Even as with the triphenyl phosphite, the mass spectrum and
appearance potentials suggest that phenol may be formed from this
compound through thermal decomposition, Therefore no further
discussion of the present results is merited,

6. CONCLUSIONS

It is suggested that future work concentrate on (1) negative
ions formed from the various organophospho:us compcunds, (2) high
resolution mass spectra and precise mass measurements to permit
the iden.ification of many of the positive ions formed from these
compounds, and (3) detailed metastabie transition studies to
establish more fully the fragmentation pa:hways o.currlng in these
compounds. All of these data, together with that obtained under
the present contract effort, should yield a reasonably satisfactory
body of information capable of providing further insights from
correlative studies of the data,

Included in Table 8 in the Appendix is a complete summary of
all the findings obtained in these studies: This information, taken
together with that summarized in Table 9 and the various other
literature-reported results, will provide future investigators
with much of the needed material, It is easily concluded that even
the data of Tables 8 and 9 are not ccmplete and that additional
work will be necessary even in the correlative efforts.

All remaining quantities of the G agcnLs. EA materials, and
related substances have been destroyeo by nyd:ciysis in strongly
alkaline Chlorox and 15% KOH in 50,50 v/v e,hancl-water solutions
HD was similarly treated, except that cnly Chiozox was employed,
All materials and equipment, including the storage refrigerator,
have been decontaminated so that no safety hazard remains Gas
masks and atropine sulfate syringes have been stored subject to
recall by Edgewood Arsenal.
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